Objective. To determine the association between physical activity and overweight/obesity in Mexican adults. Material and Methods. Cross-sectional design. Adults 20 to 69 years of age were included in the Mexican National Health and Nutrition Survey 2006 (ENSANUT 2006). The dependent variable was overweight/obesity and the independent variable was recalled physical activity. Analysis was by logistic regression, adjusting for sex, age, residence area, region, socioeconomic status, indigenous ethnicity, smoking, schooling, work activity, alcohol consumption and sitting time. Results. Data from 15 901 adults were analyzed. The prevalence of overweight/obesity had an inverse association with physical activity among men but not among women. Conclusions. The practice of physical activity was negatively associated with the prevalence of overweight/obesity only in adult men. These results underscore the importance of promoting physical activity to prevent and control overweight/obesity. Key words: overweight; obesity; physical activity; adult; Mexico 
O besity is a worldwide public health problem. The World Health Organization (WHO) estimates that there were 1 600 million people overweight in 2005, and there will be 2 300 million overweight adults and more than 700 million adults with obesity by 2015. 1 Obesity is a risk factor for the development of diseases such as diabetes, heart disease, hypertension, some types of cancer, etc. Those diseases account for 60% of all causes of death in the world. This percentage could amount to 73% by year 2020, affecting mainly people aged 18 to 70 years. 2 In Mexico, there is a high prevalence of overweight/ obesity. According to data from the Mexican National Health and Nutrition Survey 2006 (ENSANUT 2006), prevalence of overweight/obesity in women older than 20 years is 71.9%, and in men it is 66.7%. Also, there is a high prevalence of hypertension (30.8%), diabetes, and other chronic diseases. 3 Physical activity is defined as any body movement involving energy expenditure, and it is the component of energy expenditure which varies the most, being to a certain extent expressed at will. 4 Physical activities play an important role in the prevention of chronic diseases; they are regarded as a protection factor against ischemic cardiopathy, diabetes mellitus, stroke, osteoporosis, mental disorders, and some types of cancer. 5 Moreover, an inverse association between intense physical activities and obesity has been found. 6 Several studies have shown that performing physical activities on a regular basis (at least 30 minutes a day of moderate intensity physical activity) enhances life quality and health condition. Furthermore, they contribute to prevent and control cardiovascular diseases, hypertension, diabetes, obesity, etc. 7 According to WHO estimations, up to 80% of diabetes cases and cardiovascular diseases and up to 30% of some types of cancer 8 could be avoided by establishing preventive interventions such as improvement of diet quality and physical activity.
Regarding physical activity in Mexico, an analysis from the 1999 National Nutrition Survey (NNS-99) 4 found that sports practice is not a common type of physical activity in women of childbearing age, particularly in those older than 20 years and those with low schooling.
However, nationwide there is no information about practice levels of physical activity in adults. Data are available only from youth living in certain cities and from women of childbearing age countrywide, and show low levels of physical activity. 9 There is also no information based on large-scale population studies in Mexico on the association between physical activity practice and obesity. Hence, this study aimed at documenting the levels of physical activity and evaluated the relationship between physical activity and overweight/ obesity in Mexican adults in order to design strategies and interventions that help prevent and control this public health problem.
Material and Methods
Design: The ENSANUT 2006 was a cross-sectional, probabilistic survey with a stratified and clustered sampling design, representative at the national, regional, and state levels. Its design enabled the analysis of information on health and nutrition status of the Mexican population, and on quality and response of health services, policies and programs. The methodology of the ENSANUT 2006 has been described in detail elsewhere.
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Subjects: Information from 48 304 households nationwide was collected in the ENSANUT 2006. The physical activity questionnaire was administered to a subsample of 20 360 men and women aged 20 to 99 years selected at random. We conducted the analysis with a sample of men and women aged 20 to 69 years who lived in the selected households at the time of the survey. Adults with undernutrition, low weight, incapable of performing physical activity, and those older than 69 years were excluded from the analysis because the questionnaire used to measure physical activity, which will be described later, was designed to be applied to adults aged 15 to 69 years. Procedure: Data were collected in selected households between August and September 2005 by interviewers trained previously. Objectives, procedures, risks and benefits of the study were explained in detail to every potential participant. Those who agreed to participate were asked to sign or fingerprint an informed consent. The protocol for this study was approved by the Research, Biosafety, and Ethics Committees of the National Public Health Institute: INSP, in Cuernavaca, Mexico.
Outcome variables
The outcome variable for this study was overweight or obesity based on body mass index (BMI) (weight in kilograms/height in meters 2 ). Anthropometric measures were taken by previously standardized personnel. Standardization procedures were carried out before collecting data to minimize technical measurement errors using the Habicht technique. 11 Weight was measured with Tanita electronic scales with 100g accuracy. Height was measured with stadimeters with capacity for 2 meters and accuracy to 1 mm.
Adults were classified according to their nutrition status using the cutoff points recommended by the WHO for BMI as follows: undernutrition (BMI < 18.5), adequate nutrition status (BMI from 18.5 to 24.9), overweight (BMI from 25.0 to 29.9), and obesity (BMI ≥ 30.0).
12 BMI values between 10 and 58 kg/m 2 were considered as valid.
Exposure measures
Physical activity and sitting time: Data on hours weekly adults performed physical activity or remained sitting was collected using the short version of the International Physical Activity Questionnaire 13 (IPAQ), which is an instrument validated and used worldwide for the measurement of physical activity. Vigorous physical activity was defined as a group of activities requiring an energy expenditure equal or higher than 6 METs/hour* (physical activity energy expense unit); that is, those that demand a considerable energy expenditure. This category included activities such as aerobics, fast bicycle riding, lifting heavy objects, digging, farm work, or activities that involve more difficult breathing than normal. Moderate physical activity was defined as a group of activities requiring less energy expenditure (between 3.0 and 5.9 METs/hour); those in which breathing is a little more difficult than normal, such as lifting light objects or riding a bicycle at regular speed. It did not include walking. Time spent walking was classified into a different category and included walking in the work place, at home, from one place to another, or walking during leisure time, for sports, exercise or pleasure for periods of time of at least 10 minutes. Sedentary activities that require less energy expenditure were also defined, such as time adults spent sitting at work or at home, studying, watching TV, or resting. The methodology used in the ENSANUT 2006 identified time devoted to vigorous and moderate physical activity, walking, and sitting time, except sleeping time. Information on days, hours, and minutes devoted to vigorous and moderate physical activity and walking was collected. Once time spent performing each type of physical activity, in minutes per week, was obtained, MET values were calculated by multiplying the minutes per week of time devoted to moderate and vigorous physical activity and walking by the values suggested by the IPAQ data processing guide (3.3 for walking, 4.0 for moderate, and 8.0 for vigorous physical activity). Classification of physical activity categories was as follows: low < 600 METs/minutes/week; moderate ≥ 600 to < 3000 METs/minutes/week; high ≥ 3000 METs/ minutes/week. The above categories permitted simple identification of active or sedentary lifestyle patterns.
Covariates
Socioeconomic status: A socioeconomic status index was constructed using variables on housing conditions and possession of appliances and other goods.
14 Three categories were used to define the socioeconomic level of adults (low, medium, high) according to tertile distribution for this index. Socio-demographic characteristics: Among the independent variables, some characteristics that could be associated with physical activity and overweight/obesity were studied, such as age and living in rural or urban areas (population over 2500 inhabitants). Adults were classified according to four regions of residence: north, center, Mexico City, and south.* Data on tobacco and alcohol consumption and on the condition of being a speaker of an indigenous language were also obtained.
Statistical analysis
The ENSANUT 2006 was designed as a multistage, clustered sampling study. Therefore, some adjustments were made in the analyses according to the probability of every adult being included in the sample by using a weighting factor. For controlling the design effect produced by the cluster of observations in this sample, the SVY module for complex samples in the STATA program version 9.2 was used. ‡ An exploratory analysis of data was carried out to identify implausible or extreme observations, to describe the population characteristics, and to calculate time devoted to each type of physical activity. Implausible physical activity values were defined as those with sum * A unit of metabolic equivalent (MET) represents a multiple of the oxygen consumption at rest, which in turn correspond to 3.5 mL O 2 /kg min-1. For example if one person doing exercise show an expenditure of 10 MET, this means that hew has consumed 10 times the oxygen amount which normally would consume being at rest. of time devoted to different activities in one day that resulted in a value more than 24 hours.
Since the outcome variable was BMI as indicator of nutritional status, linear regression models were adjusted for the dependent variable, taking as main exposure variable the categories of physical activity (low, moderate, or high) based on METs according to the IPAQ, and controlling for sex, age, residence area (rural or urban), region of the country (north, center, Mexico City, south), socioeconomic status (low, middle, high), indigenous ethnicity, smoking, schooling, work activity, alcohol consumption, and sitting time. Different models were estimated for each sex.
In addition, a logistic regression model was fitted to the data to test the possibility of being overweight or obese based on physical activity categories (low, moderate, or high, in accordance with the IPAQ), controlling for confounding variables. A significance level of 0.05 was considered as statistically significant for all the analysis.
Results
Information on physical activity was collected from 20 360 Mexican men and women. Out of those, 1 390 adults were excluded as they did not answer all the questions related to physical activity or gave implausible information. Another 3 069 adults were also excluded whose BMI data were incomplete, and older adults over 69 years old were not considered because the IPAQ questionnaire used was only validated for individuals aged 15 to 69 years.
Thus, the final sample included 15 901 adults, which represented 19 756 134 Mexican adults using the expansion factor for this survey. Table I presents descriptive information for the sample. Most individuals were women (63.3%) with a mean age of 39.9±12.9 years. Men represented 36.7% of the sample, with a mean age of 41.6±13.5 years. The majority of individuals, both men and women, were more than 30 years old (76.2% and 74.8%, respectively). BMI mean was 27.1± 4.3 in men and 28.6±5.4 in women. A total of 65.7% of men and 72.1% of women were overweight or obese. With respect to schooling, 12.0% of the subjects had no formal education, 46.8% completed primary school, 21.4% middle school, and 19.9% high school or higher. In addition, 10.6% spoke an indigenous language, 25.0% of adults smoked, and 29.8% consumed alcohol at the time of the survey, although most consumption of tobacco and alcohol was reported in men (45.5% and 53.3%, respectively) compared with women (13.0% and 16.1%, respectively). Most adults were of low socioeconomic status (42.0%), and lived in rural areas (66.2%). Table II presents descriptive information for physical activity. Mean METs/minutes/week for vigorous physical activity was greater in men than in women (3322 ± 4238 and 1135 ± 2567, respectively) but it was not so for moderate physical activity (means 1890 ± 2076 and 2534 ± 2088, respectively). Mean METs/minutes/ week for walking was 1219 ± 1361 for both sexes, and for sitting time, it was 1111 ± 913. Most adults (66.4%) were in the high physical activity practice category, 20.6% were in the moderate category and 13.0% in the low category.
According to data on men's nutrition status, the greatest proportion of overweight/obesity was found in those aged 40 to 49 years (73.8%). Men with obesity had less METs/minutes/week physical activity (vigorous, moderate, and walking) and remained sitting for a longer time compared with men with adequate BMI. Most men in the low physical activity category were overweight or obese, compared with men with adequate BMI (17.4% and 9.1%, respectively). As for the high physical activity category, the greatest proportion corresponded to men with adequate BMI compared with overweight or obese men (73.7% and 64.2%, respectively) ( Table III A) .
Concerning women, the greatest proportion of overweight/obesity was found in those aged 50 to 59 years (82.6%). Overweight women had more METs/ minutes/week of vigorous physical activity and of walking compared with women whose BMI was adequate, and with those with obesity. Likewise, women with obesity had a greater METs/minutes/week of moderate physical activity and reported more sitting time, compared with women whose BMI was adequate, and with those with overweight. The majority of women in the low and high physical activity categories were those with obesity (14.3% and 65.8%, respectively), compared with women whose BMI was adequate and with those with overweight (Table III B) . On the other hand, according to the IPAQ significant associations between overweight/obesity and the physical activity practice categories were found only in adult men, adjusting for confounding variables (age, residence area, region of the country, socioeconomic status, indigenous ethnicity, smoking, schooling, work activity, alcohol consumption, and sitting time) (See to be overweight or obese compared with those living in rural areas (OR 1.32, 95% CI; 1.08, 1.60). Adult men with primary schooling were 36% more likely to be overweight or obese compared with those without formal education (OR 1.36, 95% CI; 1.06, 1.76). Also, linear tendency was observed for a decreasing probability of being overweight or obese from 50 years of age onward in this population. The remaining socio-demographic variables studied did not show any significant association with the prevalence of obesity or overweight. Men with adequate BMI spent more time doing vigorous physical activity than men who were overweight/ obese; conversely, women with overweight/obesity reported more time doing moderate physical activity than women whose BMI was adequate (Figure 1 ).
Discussion
The results of this study show that physical activity was inversely associated with the prevalence of overweight/ obesity in a representative sample of Mexican adults. Such association was observed only among adult men, but not among women. This is the first study, to our knowledge, documenting this finding in a nationwide probabilistic sample of Mexican adults of both sexes. We also show that men but not women in high and middle socioeconomic status are more likely to be overweight or obese. Little physical activity in women, particularly vigorous and moderate, may account for that effect on the association. There also exists the possibility of overestimation of physical activity in women with overweight/obesity, as has been documented in other studies. [15] [16] [17] [18] [19] The results are plausible given the observed trend towards decrease in physical activity owing to the sedentary nature of many work activities, the changes in transportation methods and sprawling urbanization. In addition, the increase of energy-dense foods, rich in fat and sugar, has brought about an imbalance between intake and energy expenditure. The strength of this study stems from being a probabilistic, nationwide survey. Also, physical activity was measured through the IPAQ questionnaire, an internationally validated instrument for measuring physical activity in individuals 15 to 69 years old, which can be used in prevalence studies based on national populations. As a standard indicator, the IPAQ questionnaire is recommended for making comparisons within a country, between countries, and worldwide. This study has some limitations that should be considered for the interpretation of results. Because of its cross-sectional design, causal inferences are difficult to make, so it is possible to identify only some associations between socio-demographic characteristics, physical activity of adults, and overweight/obesity. However, this information is valuable as it documents the association between physical activity and overweight/ obesity and helps to identify groups that perform less physical activity (particularly intense physical activity in women, as has been documented in other studies);
